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Abstract

Background: Designer eggs (DEs) have gained positive importance in maintaining cholesterol level, triglyceride profile
and protection towards cardiovascular diseases due to the presence of essential fatty acids (EFAs) such as omega-3 (or)
n-3 fatty acids. However, extreme heat conditions effect the quality as well as quantity of EFAs during the production
of designer egg dried powder (DEDP). Therefore, the main mandate of research was the development of DEDP and
determination of spray drying conditions impact on fatty acids composition of DEDP samples.

Methods: The DEs were produced, collected, de-shelled, homogenized and diluted before spray drying to get fine
powder. The spray drying of DEs was carried out using a laboratory spray drier. An experimental design was used for the
drying parameters, where the inlet air temperature was varied (160, 180 and 200 °C), feed flow rate (200, 300 and 400 mL/
hr), atomization speed (16,000, 20,000 and 24,000 rpm) and outlet air temperature (60, 70 and 80 °C) at different levels. For
convenience of experimental design coding was used. The DEDP was collected in a single cyclone separator and was
stored after packaging for consecutive 2 months at 25 °C and 4 °C, respectively. The powder yield was calculated from the
collected dry mass in the collecting vessel divided by the processed whole egg diluted matter. The total lipids of DEDP
samples were determined gravimetrically. The esters of fatty acids in each sample were prepared and analyzed through
Gas Chromatograph apparatus. The oxidative stability of DEDP samples was estimated by following standard procedure
of peroxide value.
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Results: The powder yield of DEDP as a result of different operating conditions was found in the range of 30.06 + 0.22 g/
500 mL to 62.10 + 046 g/500 mL DEs sample. The decreasing trend in moisture content (4.4 + 0.16% towards 4.0 + 0.09%)
and total fat content (45 + 0.65 g/100 g towards 41 + 035 g/100 g) in DEDP samples was observed with increased inlet
and outlet temperature while fat content increased at high feed flow rate and atomization speed. In this study, loss of
PUFAs in DEDP samples was followed due to their active role regarding to human health. For alpha-linolenic (ALA) fatty
acids, maximum value at 4 °C observed was 127.32 + 027 mg/50 g egg and 12443 + 0.32 mg/50 g egg while the
minimum value observed for ALA was 100.15 + 0.09 mg/50 g egg and 97.15 + 0.06 mg/50 g egg after 30 and 60 days
storage, respectively. The significant decrease trend for eicosapentaenoic (EPA) fatty acids values from 11.78 + 0.31 mg/50
g egg to 2.18 £0.14 mg/50 g egg at 25 °C under spray dried conditions of inlet air temperature (180 °C), feed flow rate
(300 mL/hr), atomization speed (24,000 rpm) and outlet air temperature (80 °C) after 60 days storage period was noted.
The docosahexaenoic (DHA) fatty acids value in DEDP was decreased from 15.49 +0.79 mg/50g egg (0day) to
10.10 £ 0.64 mg/50 g egg at 60 days (4°C) and same decreasing trend was observed at 25 °C. The decreasing
order for total omega-3 fatty acids retention in DEDP during storage intervals was found as 162.33 + 1.64 mg/50 g egg
> 15861+ 1.53mg/50 g egg > 14803 + 1.57 mg/50 g egg (0, 30 and 60 days stored at 4 °C) and 162.33 + 1.64 mg/50 g
egg > 15156 + 1.54mg/50 g egg > 135.89 £ 1.62 mg/50 g egg (0, 30 and 60 days stored at 25 °C). The peroxide value
(PV) levels obtained in DEDP samples after 60 days were higher (0.78 + 0.06, 0.81 + 0.02 meg/kg O,) when compared to
initial readings at 0 day (0.65 + 0.04 meqg/kg O,). The PV of DEDP samples reached their maximum peaks after 60 days

at 25 °C. The increasing order showed that lipid oxidation increased with storage. However, the overall PV never
exceeded the limit of 10 (meg/kg) considered as a threshold limit.

Conclusions: Extreme hot conditions (> 180 °C) of spray dryer reduce the quality of designer egg dry powder. Extreme
conditions assist PUFAs loss and decrease in storage stability due to high lipid oxidation.

Keywords: Lipid oxidation, Storage stability, Fatty acids profile, Omega eggs, Spray drying,

Background

Lipids are considered an important component of food as
well as most biological systems. Mostly saturated and
monounsaturated fatty acids biosynthesized in the body,
but polyunsaturated fatty acids (PUFAs) must be provided
through the diet or other sources for maintenance of
health [1, 2]. PUFAs poses biological and medicinal
interest due to multiple beneficial effects on health, in-
cluding anti-inflammatory, cardioprotective and anti-
cancer activities etc. [3—5]. The designer eggs (DEs) are
widely used regarding to human health in providing
various essential fatty acids (EFAs) such as omega-3 (or)
n-3 fatty acids; Alpha-Linolenic acid (ALA): Cig3,.3, Ei-
cosapentaenoic acid (EPA):Cy.5,.3 and Docosahexaenoic
acid (DHA):Cyy.6n.3- DEs show beneficial effects regarding
to improve the blood concentration of omega-3 fatty acids
and high-density lipoproteins [6].

However, lipid oxidation negatively affects the integrity of
biological systems and causes quality deterioration in food.
The oxidative instability possesses objectionable off-flavors,
loss of nutrients and bioactives that leads to formation of
potentially toxic compounds, thus making the lipid or lipid
containing foods unsuitable for human health [7]. Destruc-
tive irreversible cellular and tissue effects, pathophysiology
of numerous diseases and variety of health conditions in-
cluding inflammation, mutagenesis, atherosclerosis, car-
cinogenesis and aging process are associated with fatty acid
oxidation products in human foods [8—10].

Spray drying is a suspended-particle technology which
has a wide range of applications in mostly food, pharma-
ceutical and biotech industry. In spray drying process, a
liquid droplet is rapidly dried, when it comes into con-
tact with a stream of hot air (temperature range from
100 to 300°C) and convert it into powder form [11].
Spray drying produces powder with good handling, easi-
ness in transportation and highly functional in nature
[12-16]. Moreover, dried egg and egg products drive the
product manufacture’s attention for ready to use in
baked, soups and meat products. The spray dried egg
powder has been suggested to be the easily digestible
and good source of nutrients from egg products [17]. A
comprehensive literature search reported that no signifi-
cant research has been done on the optimization of the
spray drying parameters to produce highest quality de-
signer egg dried powder (DEDP). The present study was
undertaken to optimize the spray drying process under
different ranges of inlet air temperature, feed flow rate,
atomization speed and outlet air temperature to have
maximum retention of PUFAs at the different storage
periods and temperatures.

Methods

Raw materials

The raw materials such as chia seed (Salvia hispanica
L)) and other cereal grains were procured from grains
commercial market, Punjab, Pakistan. The seeds were
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cleaned to remove any debris or field dirt and any other
extraneous matters. The menhaden fish oil was obtained
from commercial fish processing industry, Punjab,
Pakistan.

Diet composition and feeding trial

The feeding trial was conducted on medium-heavy Leg-
horn layers (20 weeks old; uniform weight) in wire-mesh
pens of commercial poultry house, Punjab, Pakistan. The
birds were used to keep in 17 h light and 7 h dark day.
All hens were fed on control diet from 20th week of
their age before the trial which was helpful for baseline
data. The temperature 25+ 2°C and humidity 70 + 5%
remained constant throughout the eight experimental
weeks. The Leghorn layers were randomly distributed
into control and designer feed treatments of 40 layers
each. Each bird activity was observed on daily basis.
Routine vaccination and medication were conducted as
management suggested. The feed ingredient profile for
control and designer eggs production has been pre-
sented in Table 1. The mixed crumble feed was pro-
duced weekly and packed in air tight feed bins to avoid
oxidation and moisture build up and placed in dark
cooled room to minimize the exposure to environment.
The DEs were produced and collected after 8 weeks of
feeding trial.

Sample preparation

The DEs (1 = 600) were cautiously de-shelled and whole
egg liquid (n =20) for each treatment was collected in a
graduated cylinder. Water was added to the whole egg
liquid (60% protein: 40% yolk) and mixed well to make a
fine dilution. The concentration of this continuous dilu-
tion was 1:1 ratio. Thereafter, homogenization of egg
sample was carried out using a homogenizer. A sifting
was conducted to eliminate the chalazas and the sus-
pended matter. The whole egg sample was diluted before
spray drying to get fine powder [18].

Spray drying procedure
A laboratory spray drier No. 1 (Anhydro A/S, Ostmar-
ken 8, DK-2860 Soborg, Copenhagen, Denmark) was
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used in this study. The schematic diagram of the
lab-scale spray dryer is demonstrated in Fig. 1. The in-
ternal diameter of representative spray dryer was 1.0 m
and 2.6 m were height. The upper cylindrical portion of
the unit is 1.3 m in height, and the lower conical section
has a height of 1.3 m. The maximum inlet and outlet
temperatures are 300 and 90 °C, respectively. Maximum
atomizer speed is 50,000 rpm which is obtained by the
power supply 0.736 kW electric motor. Air is heated by
air heater using a power of 9kW with compressed air
consumption of 120 /min and compressed air pressure
of 4kg/cm® [19]. An experimental design was used for
the drying parameters, where the inlet air temperature
was varied (160, 180 and 200 °C), feed flow rate (200,
300 and 400 mL/hr), atomization speed (16,000, 20,000
and 24,000 rpm) and outlet air temperature (60, 70 and
80°C) at different levels. For convenience of experimen-
tal design coding was used which is presented in Table 2.
The designer egg dried powder (DEDP) from each treat-
ment (500 mL) was collected in a single cyclone separ-
ator and was stored at 25°C and 4 °C, respectively after
packaging for consecutive 2 months.

Powder yield, total fat and fatty acids composition of
DEDP

The powder yield was calculated from the collected dry
mass in the collecting vessel divided by the processed
whole egg diluted matter. The total lipids of DEDP sam-
ples were determined gravimetrically according to the
AOAC [20] Method No. 923.07. The esters of fatty acids
in each sample were prepared and analyzed through Gas
Chromatograph apparatus equipped with an auto sam-
pler, flame-ionization detector (FID) and supelco wax
column (30m x 0.25um film coating) according to
AOCS [21]. Briefly, transferred 1 g DEDP sample to the
screw capped tube (16 X 150 mm). Added 10 mL hexane
containing 0.1% BHT (an antioxidant to help prevent
the peroxidation of fatty acid containing double bonds).
Caped the tube tightly and shaked vigorously for 1 min.
Then put in ultrasonic water bath for 5 min. Centrifuged
the tube at 1500 X g for 5 min. Put up the experimental
tubes into a heating block heated to 60 °C and a stream

Table 1 Feed ingredient profile for control and designer eggs production

Treatment Feed Ingredients (g/100 g)°

Corn Wheat Rice Canola Flaxseed Chia  Fish Gluten Soybean Vegetable® Dicalcium Lime stone  Vitamin/
polishing meal seed oil  (60%)  meal oil phosphate  (ground) mineral
premix
Control 35 5 15 15 - - - 5 8 8 1.5 7 0.5
feed®
Designer 35 10 8 9 5 10 1 3 8 2 1.5 7 0.5
feed®

“Cottonseed oil
PCrumble form of feed
“Isocaloric feeds
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Fig. 1 The schematic diagram of the lab-scale spray dryer
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of nitrogen gas was blown into the tube to facilitate
evaporation of the hexane. Toluene (1 mL) was added to
50 mg of sample in a screw top test tube. Subsequently,
2 mL of boron trichloride—methanol solution was added
and the mixture was flushed with nitrogen gas for 10s
and heated in a water bath at 60°C for 10 min. Once
cooled, water (2 mL) and hexane (2 mL) were added into
the test tube and shaken lightly to extract the fatty acid
methyl esters (FAMEs). Anhydrous sodium sulfate was
added to the hexane extracts to remove moisture then
the anhydrous hexane extracts were transferred into a
10 mL volumetric flask and filled to volume with hexane.
The moisture removal step was carried out twice to en-
sure maximum extraction of FAMEs from the oil
FAMEs were then analyzed by gas chromatography. The
FAMEs samples (1 pL) were injected with Helium (1
mL/min) as a carrier gas onto the column, which was
programmed for operating conditions such as column
oven temperature 160°C @ 0 min with subsequent in-
crease of 3°C/min until 180°C. The column oven

Table 2 Coded and actual levels of independent variables for
optimization of response factors as determined by Box-Behnken
design

Independent variables Units Coded levels

-1 0 +1
Inlet air temperature °C 160 180 200
Feed flow rate mlL/hr 200 300 400
Atomization speed pm 16,000 20,000 24,000
Outlet air temperature °C 60 70 80

temperature was increased from 180°C to 220°C @ 1°
C/min and was held for 7.5 min at 220 °C. Split ratio was
50% with injector 240 °C and detector 250 °C tempera-
tures. The peak areas and total fatty acids composition
were calculated for each sample by retention time using
Varian Chem Station software.

Peroxide value of DEDP

The peroxide value of DEDP samples was estimated by
following the AOCS standard procedure (Method No.
Cd 8-53) [21].

Statistical analysis

The analysis of experiments was carried out according
to Montgomery [22]. Each experiment was performed in
triplicate and the average values were taken as response.
The significance of all terms was analyzed statistically by
computing mean square at probability (p) of 0.05 using
MATLAB® (Ver. 7.9.0) software (Mathworks, Inc., Na-
tick, USA).

Results and discussion

The fatty acids analysis of poultry control and designer
feed has been documented in Table 3. In this study, the
effects of spray-drying conditions were majorly investi-
gated (Inlet and outlet air temperatures, feed flow rate
and atomization pressure) on powder yield along with
retention of PUFAs. The powder yield of DEDP as a re-
sult of different operating conditions was found in the
range of 30.06 + 0.22 g/500 mL to 62.10 + 0.46 g/500 mL
DEs samples (Fig. 2). The inlet temperature, outlet
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Table 3 Fatty acids analysis of poultry control and designer feed
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Treatment Fatty acids (% of TFA?)

Palmitic Stearic Oleic Linoleic Linolenic Arachidonic Eicosapentaenoic Docosahexaenoic
Control feed 1276 1548 2833 37.57 241 05 034 0.06
Designer feed 833 10.89 23.12 3945 10.64 025 144 0.72

*Total fatty acids

temperature and the atomization speed were the most
major factors affecting the powder yield of DEDP. The
results showed that the powder yield decreased with in-
creasing inlet temperature, outlet temperature and the
atomization speed. The optimized conditions of inlet air
temperature (198-199 °C), feed flow rate (398-399 mL/
hr), atomization speed (16000-16,010 rpm) and outlet
air temperature (76-77°C) were found for maximum
yield of DEDP samples (66.20 + 0.20 g/500 mL).

The spray drying variables caused substantial changes
in the whole egg powder yield shown by the previous
studies. Same results concluded by Bahnasawy et al. [19]
that the powder yield decreased slightly with increasing
both atomization speed and drying temperature for all
blends under study. These results may be due to produc-
tion of DEDP with fine particles structure at higher
temperature and speed conditions and these conditions
force the very fine particles to go out with exhaust air.
Atomizer is the heart of spray drying process that dis-
perses material into precise particles so that surface area
of the liquid material is increased. In this way, material
is dispersed well within the dryer chamber. After
atomization, the droplets produced should not be very

huge as that condition developed partially dried powder
and even nor so tiny in size or structure as that leads to
difficulty in recovery of DEDP samples. The final shape
and kind of dried powder product depends on the chem-
ical and physical properties of the liquid material, dryer
design and operative parameters [11, 23].

The trend in decrease of moisture content was ob-
served with increase in conditions. The decreasing trend
in moisture content was found from 4.4 + 0.16% (highest
value) towards 4.0 = 0.09% (lowest value) in DEDP sam-
ples with changes in operating conditions especially inlet
and outlet temperature. At the same time increased
moisture content was detected at high feed flow rate.
The data trend also showed that moisture content was
inversely proportional to atomization speed of spray
dryer. In a similar way, the total fat content decreased
from 45 + 0.65 g/100 g (highest value) to 41 + 0.35 g/100
g (lowest value) in DEDP samples with increased inlet
and outlet temperature while fat content increased at
high feed flow rate and atomization speed.

The normal eggs possessed the ALA (0.78 +0.14
mg/50g egg), EPA (0.11+0.06 mg/50g egg), DHA
(0.14 £ 0.07 mg/50 g egg) and PV (0.324 meq/kg O,),

Powder yield (¢/500mL)

18000 -
’Deev(

3

@
& 8

Powder yield (g/500mL)
5 5 5 8
Powder yield (g/500mL)

24000 -
22000 -
20000
18000 .

o,
°'2a/,;,q B
S 250
f'p,,y 16000 200 Fgéx\ow

\et 8¢ tore® o) 16000 160

Fig. 2 Impact of Spray drying conditions on powder yield in designer egg dried powder

Powder yield (g/500mL)

10 .
170 - wm‘u@‘m

yir €

e 2

o
e (oM

fow @
geed




Javed et al. Lipids in Health and Disease (2018) 17:282

respectively. Whereas, the designer eggs before spray
drying process contained ALA (130.23 + 0.28 mg/50 g egg),
EPA (15.10 + 0.37 mg/50 g egg), DHA (20.17 + 0.67 mg/50 g
egg), total omega-3 fatty acids (165.50 + 2.21 mg/50 g egg)
and PV (0.418 meq/kg O,), respectively. In this study, loss
of PUFAs was followed due to their active role regarding to
human health.

To check the reliability of fatty acid retention in DEDP,
it was determined in 29 DEDP samples for 30 and 60
storage days at two different temperatures likewise 4 °C
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and 25 °C, respectively. The results demonstrated that the
contents of alpha-linolenic fatty acids were not stable under
variable storage intervals at different conditions (Table 4).
The inlet air temperature and outlet air temperature were
seen to be as major factors affecting the essential fatty acids
content in samples. The alpha-linolenic acid, eicosapenta-
enoic and docosahexaenoic fatty acids contents decreased
significantly on storage at higher temperature as compared
to lower temperature under different conditions. For
alpha-linolenic fatty acids, maximum value at 4 °C observed

Table 4 Impact of Spray drying conditions on alpha-linolenic fatty acids retention in designer egg dried powder at different days

and storage intervals

Spray Independent variables ALA (mg/50 g egg)

S[éiress Inlet air Feed flow Atomization Outlet 0Day Storage at Temperature 4 °C Storage at Temperature 25 °C
run Efg; perature Eiif/hr) speed (pm) Efg;perawe 30 Days 60 Days 30 Days 60 Days

1 160 (= 1) 300 (0) 16,000 (1) 70 (0) 12757 £ 046® 12622 + 041° 12305 + 044 12312 £ 0429 11852 + 041
2 180 (0) 200 (=1) 20,000 (0) 60 (—1) 11881 + 070" 11734 £ 0627 11433 £ 06197 11425 + 0629" 109.55 + 067
3 180 (0) 300 (0) 16000 (=1) 80 (+1) 11658 + 0479 11719 £ 044" 11414 £ 0479" 11237 + 041" 107.53 + 044
4 180 (0) 400 (+1) 20,000 (0) 60 (1) 12567 + 054° 12405 + 044° 12176 + 0629 12153 +042% 11643 + 0317
5 180 (0) 200 (=1) 16,000 (= 1) 70 (0) 11830+ 0.19°" 11704 £ 013" 11475 £ 0.15%" 11421 £ 0.14%" 10951 + 0.16
6 160 (1) 300 (0) 24,000 (+1) 70 (0) 11475 + 06197 11366 £ 051" 11045 + 0347 11055 + 043"  105.87 + 0.75'
7(Cy) 180 (0) 300 (0) 20,000 (0) 70 (0) 114.82 £ 0709 11355 + 045" 11076 + 0617 11072 £ 067" 10501 + 0.52'
8(C,) 180 (0) 300 (0) 20,000 (0) 70 (0) 11468 + 0549 11335+ 024" 11041 £0327 11042 + 0317 10542 + 034’
9 180 (0) 300 (0) 24,000 (+1) 60 (=1) 11597 + 0879 11472 £ 0619 11195+ 082  11132+024" 10645 + 035"
10 200 (+1) 300 (0) 24,000 (+1) 70 (0) 101.19 £0.12"  100.15 £ 0.09™ 97.15 + 006°  97.55+008° 9268 + 0.13°
11(C) 180 (0) 300 (0) 20,000 (0) 70 (0) 11476 + 069" 11365 + 053" 11022 +£ 0547 11001 + 0517 105.03 + 042’
12(Cy) 180 (0) 300 (0) 20,000 (0) 70 (0) 11475 + 0639 11364 £ 057" 11033 £ 0647 11043 + 037"  105.56 + 046
13 180 (0) 200 (=1) 20,000 (0) 80 (+1) 10603 + 031 10544 + 032 10255 + 040™ 10221 + 022™" 97.56 + 0.42P
14 200 (+1) 400 (+1) 20,000 (0) 70 (0) 111.19 £ 049" 11005 + 0437 10761 £ 053¢ 10731+ 028 10261 + 0.52™
15 160 (1) 400 (+1) 20,000 (0) 70 (0) 12461 + 054 12355 + 041 120.75 + 065% 12062 + 056% 11545 + 0387
16 180 (0) 400 (+1) 20,000 (0) 80 (+1) 113.95 + 084" 11265 + 054" 10974 + 067 10932+ 057 10433 + 0.67™
17 160 (1) 300 (0) 20,000 (0) 80 (+1) 11557 £ 043% 11412+ 035" 11132+ 028 11146+ 037  106.78 + 063"
18 200 (+ 1) 300 (0) 20,000 (0) 80 (+1) 10268 + 063™ 10162 + 052" 9833 +029°° 9863 + 050°°  93.98 + 047"
19 160 (1) 200 (=1) 20,000 (0) 70 (0) 11787 £ 0717 11611 £ 0649 11355+ 042"  113.15+ 038" 10809 + 042
20 180 (0) 400 (+1) 16,000 (1) 70 (0) 12570 + 062°° 12462 £ 051 12132 £ 046° 12143 + 0324 11635 + 0279
21 180 (0) 300 (0) 24,000 (+1) 80 (+1) 10392 + 074™ 10201 + 061™ 9973 + 066°  99.59 + 046°  94.67 + 0.54%"
22 180 (0) 300 (0) 16000 (1) 60 (—1) 12837 +028% 12732+ 027 12443 +£032° 12443 +031° 11987 + 041°
23 180 (0) 400 (+1) 24,000 (+1) 70 (0) 11225+ 072" 11195+ 084 10811 £ 065% 10855 + 047°  103.34 + 0.59™
24 160 (1) 300 (0) 20,000 (0) 60 (1) 12747 +£038%° 12633 +024° 12364 + 045 12378 + 033 11875 + 042°
25(Cs) 180 (0) 300 () 20,000 (0) 70 (0) 11413 £ 0209 11301 £ 024" 11001 + 0237 11054 + 037" 10534 + 0.29'
26 200 (+1) 300 (0) 16,000 (1) 70 (0) 11488 + 0519 11322+ 044" 11021 £033" 11043 + 036" 10533 + 021’
27 180 (0) 200 (=1) 24,000 (+1) 70 (0) 10501 + 022" 104.00 £ 021™ 10104 +£ 032" 10134+ 029" 9634 + 023"
28 200 (+1) 200 (1) 20,000 (0) 70 (0) 104.82 £ 056™ 10354 +047™ 10023 £ 051™ 10032 + 057" 95.96 + 0637
29 200 (+1) 300 (0) 20,000 (0) 60 (—1) 11419 £ 0129 11312+ 015" 11021 £ 0167 11065 + 0257 10533 + 029

C1C2C3C4 5 represent spraying drying process at center points

Experimental model = Box-Behnken design
Total number of spray drying treatments = 29
No of replicates = 03

“Svalues with similar letters show homogenous group within row and column (p > 0.05)
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was 127.32+0.27 mg/50g egg and 124.43 +0.32mg/50¢g
egg (spray drying run 22) while the minimum value ob-
served for ALA was 100.15 + 0.09 mg/50 g egg and 97.15 +
0.06 mg/50 g egg after 30 and 60 days, respectively. The
changes calculated for ALA was 21.98% (at 4 °C after 30
days), 24.32% (at 4 °C after 60 days), 24.01% (at 25 °C after
30 days) and 27.80% (at 25 °C after 60 days), respectively.
The trend for effects of various storage time intervals
for eicosapentaenoic fatty acids is shown in Table 5. The
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minimum value for EPA observed was 10.02 + 0.21 mg/
50g egg under four factors of spray drier i.e. inlet air
temperature (200°C), feed flow rate (300 mL/hr),
atomization speed (20,000 rpm), outlet air temperature
(80°C) stored at 4°C after 30 days of storage. The EPA
trend showed that significant decrease 11.78 +0.31 mg/
50 g egg to 2.18 + 0.14 mg/50 g egg at 25°C under spray
drier factors inlet air temperature (180 °C), feed flow rate
(300 mL/hr), atomization speed (24,000 rpm) and outlet

Table 5 Impact of Spray drying conditions on eicosapentaenoic fatty acids retention in designer egg dried powder at different days

and storage intervals

Spray Independent variables EPA (mg/50 g egg)
S%iress Inlet air Feed Atomization  Outlet 0 Day Storage at Temperature 4 °C Storage at Temperature 25 °C
run E?Cr? perature g\g speed (rpm) E"GCT perature 30 Days 60 Days 30 Days 60 Days
(mL/hr)
1 160 (1) 300 (0) 16000 (=1) 70 (0) 1451 + 046° 1322 £ 041 976+ 041" 1092+ 041 514 = 044
2 180 (0) 200 (=1) 20,000 (0) 60 (1) 1355+ 038°° 1215+035° 8810357 9914035 475+032
3 180 (0) 300 (0) 16000 (=1) 80 (+1) 13224034 1211 +£032° 840+032¢ 984+032 472+031
4 180 (0) 400 (+1) 20,000 (0) 60 (~1) 1425+ 0417 1305+ 040 942 + 040" 1089 + 040° 569 = 034
5 180 (0) 200 (-1) 16,000 (=1) 70 (0) 1345+ 039°° 1219+ 035° 558+035° 986+035° 488+ 032
6 160 (1) 300 () 24000 (+1) 70 (0) 1305+ 033%° 1200+031° 8824031 9004031 475+ 029
7(Cy) 180 (0) 300 () 20,000 (0) 70 (0) 1309 + 034°° 1203 +032° 886+032% 974+032° 465+ 030
8(C,) 180 (0) 300 (0) 20,00 (0) 70 (0) 1310+ 038°° 1215+037° 887+037% 972+037° 461 +031
9 180 (0) 300 (0) 24000 (+1) 60 (-1) 1305+ 039°° 1211 +£035° 883+035¢ 9824035 467 + 038
10 200 (+ 1) 300 () 24000 (+1) 70 (0) 1153 £029° 1005+ 021 690+ 021° 799 +021% 291 + 0279
1M(C) 180 (0) 300 (0) 20,000 (0) 70 (0) 13114033%° 1218+£030° 8810307 9914030 462+ 029
12C,) 180 (0) 300 (0) 20,00 (0) 70 (0) 13124038%° 1211 +033° 882+033% 992+033° 463 +031
13 180 (0) 200 (~1) 20,000 (0) 80 (+ 1) 1215 +028° 1109+ 022° 711 +022% 800+022° 389 +0189
14 200 (+ 1) 400 (+1) 20,000 (0) 70 (0) 12724 026° 1118020 771 +020% 882+020° 335+ 0239
15 160 (1) 400 (+1) 20,000 (0) 70 (0) 1425+ 045" 1303 £ 041 915+ 041 1045+ 041° 588 + 028
16 180 (0) 400 (+1) 20,000 (0) 80 (+ 1) 1293 +029°  1153+021° 735+021% 883+021% 337 +0329
17 160 (1) 300 (0) 20,00 (0) 80 (+ 1) 1324 +035° 1206 +033° 834+033% 991 +033° 467 +039
18 200 (+ 1) 300 () 20,000 (0) 80 (+ 1) 1175+ 027° 1002 £021°  698+021° 7110219 229 +015°
19 160 (1) 200 (=1) 20,000 (0) 70 (0) 1345+ 039 1219+031° 8314031 991 +031° 422+ 021
20 180 (0) 400 (+1) 16000 (1) 70 (0) 1426+ 042° 1310 £ 040%™ 934+ 040 1013 +040° 567 + 023
21 180 (0) 300 () 24000 (+1) 80 (+1) 1178 £031% 1035+ 028° 670+ 028° 700+ 028% 218+ 014
22 180 (0) 300 (00 16000 (<1) 60 (- 1) 1455+ 046° 1310+ 037 959+ 037 1033+037° 591 =027
23 180 (0) 400 (+1) 24000 (+1) 70 (0) 12724 034° 1131 +£032°° 793+032% 882+032° 389+ 0307
24 160 (= 1) 300 (0) 20,000 (0) 60 (-1) 1455+ 041°  1313+038% 083 +038° 1081 +038 586+ 025
25(C) 180 (0) 300 () 20,000 (0) 70 (0) 1308+ 033°° 1214+030° 885+030% 971 +030° 451 +021
26 200 (+ 1) 300 (0) 16000 (=1) 70 (0) 1305+ 037°° 1231 +031° 801+031% 909+031° 442+ 028
27 180 (0) 200 (-1) 24000 (+1) 70 (0) 1195+ 029% 1072 £022° 602+022° 722+022% 239+0119
28 200 (+ 1) 200 (1) 20,000 (0) 70 (0) 1194 +£032° 1070 +£029° 600+ 029° 773+029% 226+ 019
29 200 (+ 1) 300 (0) 20,00 (0) 60 (1) 1305+ 036 1210+031° 81140317 971 +031° 454+ 036

C1C2C3C4 5 represent spraying drying process at center points

Experimental model = Box-Behnken design
Total number of spray drying treatments = 29
No of replicates = 03

#Ovalues with similar letters show homogenous group within row and column (p > 0.05)
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air temperature (80 °C) after 60 days storage period. The
EPA changes were 31.13% (at 4 °C after 30 days), 61.64%
(at 4 °C after 60 days), 51.89% (at 25 °C after 30 days) and
85.01% (at 25 °C after 60 days), respectively.

The minimum values for DEDP samples regarding to
retention of docosahexaenoic fatty acids stored at two
different storage temperatures 4 °C and 25°C observed
at the same spray drier conditions (0, 30 and 60 days) as
shown in Table 6. The DHA value in DEDP was
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decreased from 15.49 + 0.79 mg/50 g egg (0 day) to 10.10
+0.64 mg/50 g egg at 60 days (4 °C) and same decreasing
trend was observed at 25°C. The trend in percent
changes calculated for EPA was 8.26% (at 4 °C after 30
days), 34.79% (at 4°C after 60 days), 27.88% (at 25°C
after 30days) and 61.20% (at 25°C after 60 days), re-
spectively. The decreasing order for total omega-3 fatty
acids retention in DEDP obtained by keeping spray drier
factors (i.e. inlet air temperature and feed flow rate at

Table 6 Impact of Spray drying conditions on docosahexaenoic fatty acids retention in designer egg dried powder at different days

and storage intervals

Spray Independent variables DHA (mg/50 g egg)
S%iress Inlet air Feed Atomization  Outlet 0Day Storage at Temperature 4 °C Storage at Temperature 25 °C
run ESCT perature ?a?[\év speed (rpm) Efg; perature 30 Days 60 Days 30 Days 60 Days
(mL/hr)
1 160 (= 1) 300 (0) 16000 (—1) 70 (0) 1946 + 0887 1821 £ 081% 1415+ 0799 1515+ 079 1045 + 073
2 180 (0) 200 (1) 20,000 (0) 60 (— 1) 1807 + 0.85%° 1785 +071° 1365+ 0709 1465+ 0704 963 + 071
3 180 (0) 300 (0) 16000 (=1) 80 (+1) 1762 +079° 1640 + 0.74° 1235+ 071% 1355+ 0719 855 + 0679
4 180 (0) 400 (+1) 20,000 (0) 60 (—1) 1932+ 072° 1820+ 0.69%° 1411 + 0639 1522+ 063 1076 + 064"
5 180 (0) 200 (1) 16000 (=1) 70 (0) 1845+ 0.73%° 1721 £068° 1318+ 0619 1400+ 061°¢ 967 + 065
6 160 (= 1) 300 (0) 24,000 (+1) 70 (0) 1742+ 081° 1612 +£078° 1202+ 075% 1351 +075¢ 845+ 0719
7(Cy) 180 (0) 300 (0) 20,000 (0) 70 (0) 1744 +080° 1611 +0.71°¢ 1201 +070% 1359+ 0709 841 + 063
8(C,) 180 (0) 300 (0) 20,000 (0) 70 (0) 1746 + 078> 1613 £072° 1203 +071% 1358 +0719 866+ 0.719
9 180 (0) 300 (0) 24000 (+1) 60 (=1) 1748 £ 0.82° 1618 £ 074> 1209+ 075% 1352+ 075¢ 872+ 0729
10 200 (+1) 300 (0) 24,000 (+1) 70 (0) 1549 + 0795 1421 £ 069 1010 + 064 11.17 +064° 601 + 063"
11(C) 180 (0) 300 (0) 20,000 (0) 70 (0) 1741 +£083° 1615+ 081°° 1204 +088% 1349+ 088¢ 858+ 0819
12(Cy) 180 (0) 300 (0) 20,000 (0) 70 (0) 1743+ 077° 1619 +070° 1211 +073% 1333 +073¢ 849 + 0739
13 180 (0) 200 (-1) 20,000 (0) 80 (+1) 1627 +084° 1500+ 072° 1185+ 081° 1289 +081% 754 + 0829
14 200 (+1) 400 (+1) 20,000 (0) 70 (0) 1708 £ 0.76° 1622 +071°° 1266 +073% 1377 +073% 809 + 0.719
15 160 (1) 400 (+1) 20,000 (0) 70 (0) 1911+ 072° 1835+ 070 1463 +071°Y 1579 +071° 1000 + 0.72°
16 180 (0) 400 (+1) 20,000 (0) 80 (+1) 1723 £085° 1601 +0.88° 12.89 + 083% 1391 +083¢ 855 + 0837
17 160 (1) 300 (0) 20,000 (0) 80 (+1) 1765+ 0.78° 1639 +072° 1221 +076% 1341 +076% 868 + 0.759
18 200 (+ 1) 300 (0) 20,000 (0) 80 (+1) 1562 +086° 1439 +082°¢ 1023+ 085" 1181 +085° 658 + 084"
19 160 (1) 200 (1) 20,000 (0) 70 (0) 1810+ 089%° 1790 + 0.83° 1359+ 0849 1473 + 0844 955 + 082
20 180 (0) 400 (+1) 16000 (=1) 70 (0) 1903+ 0917 1879 £ 093 1461 £ 0929 1569 +092° 1080 + 091°
21 180 (0) 300 (0) 24000 (+1) 80 (+1) 1562 +069° 1433+ 063 1011+ 0655 1121 +065° 678 + 065"
22 180 (0) 300 (0) 16000 (1) 60 (1) 1941 +092° 1819 +096® 1401 £ 093¢ 1531 +093° 10.11 + 089
23 180 (0) 400 (+1) 24000 (+1) 70 (0) 1702 £ 0.75° 1660 £ 0.71°¢ 1249 + 072% 1369+ 0729 841 + 0.74
24 160 (1) 300 (0) 20,000 (0) 60 (-1) 1943 +088° 1840 + 082 1423 +085 1599+ 085 1021 + 085
25(Cs) 180 (0) 300 (0) 20,000 (0) 70 (0) 1740+ 072° 1622 +0.76° 1209 + 0.79% 1340+ 079% 855 + 0.759
26 200 (+ 1) 300 (0) 16000 (1) 70 (0) 1745+ 082° 1625 +0.79° 12.10 + 0.80% 13.05+ 0809 859 + 0.84"
27 180 (0) 200 (1) 24,000 (+1) 70 (0) 1604 + 077°° 1530 £071° 1163 +075 1291 +075% 798 + 0.739
28 200 (+1) 200 (-1) 20,000 (0) 70 (0) 1609 +079°° 1530+ 074° 1151 +076° 1272 +076% 7.94 + 0729
29 200 (+1) 300 (0) 20,000 (0) 60 (—1) 1746 + 083° 1622 +081°° 12,00+ 0.82% 1320+ 0829 812+ 0829

C1C2C3C4 5 represent spraying drying process at center points

Experimental model = Box-Behnken design
Total number of spray drying treatments = 29
No of replicates = 03

*hyalues with similar letters show homogenous group within row and column (p > 0.05)
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medium level whereas atomization and outlet air
temperature at minimum level) during storage intervals
was found 162.33 + 1.64 mg/50 g egg > 158.61 + 1.53 mg/
50g egg >148.03 £ 1.57 mg/50 g egg (0, 30 and 60 days
stored at 4 °C) and 162.33 + 1.64 mg/50 g egg > 151.56 +
1.54 mg/50 g egg >135.89 + 1.62 mg/50 g egg (0, 30 and
60 days stored at 25 °C) (Table 7).

The effects of various spray drier conditions and stor-
age on peroxide value in DEDP have been shown in
Table 8. The PV of DEDP samples reached their
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maximum peaks after 60 days at 25°C. The increasing
order shows that lipid oxidation increased with storage.
The peroxides are considered as early oxidation prod-
ucts with relatively short induction periods during which
they form, accumulate and dissipate. It seems true that
the DEDP samples stored for 30days at lower
temperature were relatively stable than stored at higher
temperature for 60 days. The overall PV never exceeded
the limit of 10 (meq/kg) considered as a threshold
limit. The PV levels obtained from 60days in DEDP

Table 7 Impact of Spray drying conditions on total omega-3 fatty acids retention in designer egg dried powder at different days

and storage intervals

Spray Independent variables Total omega-3 fatty acids (mg/50 g egg)

S[éiress Inlet air Feed flow  Atomization Outlet 0 Day Storage at Temperature 4 °C Storage at Temperature 25 °C
un Efcr?perature rate (ml/hr) speed (rpm) Eaecr;]perature 30 Days 60 Days 30 Days 60 Days

1 160 (=1) 300 (0) 16,000 (- 1) 70 (0) 16154 + 2.15%° 15765 +221° 14696 + 2289 14919 + 214" 1341142117
2 180 (0) 200 (-1) 20000 (0) 60 (1) 15043 + 2.14%7 14734 £2229 13679 +207 13881 £201°  12393+202"
3 180 (0) 300 (0) 16,000 (=1) 80 (+1) 14740 + 2479 1457 +233" 13489+ 212™ 13576+ 180™ 12008+ 193st
4 180 (0) 400 (+1) 20000 (0) 60 (1) 15934 + 1887 1553+ 1847 14529+ 191" 14764 + 1659 132.88+ 144"
5 180 (0) 200 (-1) 16000 (1) 70 (0) 15020 + 2.11°7 14644 + 1.94%" 13351 + 1.72™ 13807 £ 176X 12406+ 1.95%
6 160 (1) 300 (0) 24,000 (+1) 70 (0) 14522+ 188" 14178 £ 153" 13129+ 161" 13306 + 1.57™ 119,07 + 144"
7(C) 180 (0) 300 (0) 20,000 (0) 70 (0) 14535+ 152" 14169+ 1887 13163 + 1857 13475+ 182" 11877+ 198"
8(C,) 180 (0) 300 (0) 20,000 (0) 70 (0) 14524 + 157" 14152+ 185" 13131+ 196™ 13472 +174™ 11885+ 196"
9 180 (0) 300 (0) 24,000 (+1) 60 (1) 1465+ 17897 14291 £ 184 13287+ 181" 13416 £ 165" 11984+ 174"
10 200 (+1) 300 (0) 24,000 (+1) 70 (0) 12821 £ 155P 12441 £ 1159 11416 + 132" 11671 + 146" 10160+ 1,65
1(C) 180 (0) 300 (0) 20,000 (0) 70 (0) 14528 + 169" 14178 £ 158" 13146+ 175" 13481 £ 184™ 11863+ 178"
12C) 180 (0) 300 (0) 20,000 (0) 70 (0) 14530 + 163" 14181 £ 152" 13156+ 189" 13468 + 162" 11878+ 168"
13 180 (0) 200 (-1) 20000 (0) 80 (+1) 13438+ 1.81™ 13153+ 161" 12151 +172° 1231+ 174 10899+ 183"
14 200 (+1) 400 (+1) 20000 (0) 70 (0) 14097 £ 195 13745+ 184 12798+ 181P% 1299 + 196°° 11405+ 175"
15 160 (-1) 400 (+1) 20,000 (0) 70 (0) 15792 + 1745 15493 + 165% 14453 + 162" 14686 + 156%" 13133+ 155™
16 180 (0) 400 (+1) 20000 (0) 80 (+1) 15408 + 1619 14019 + 157 12998 + 1.54°° 13206 + 156" 11625+ 1.57"
17 160 (-1) 300 (0) 20000 (0) 80 (+1) 14642 + 18497 14257 £175 13185+ 187" 13478 £ 171" 12013+ 1.76st
18 200 (+1) 300 (0) 20,000 (0) 80 (+1) 1300 £ 134° 12603 +123% 11554+ 126" 11755+ 121Y  102.85+ 1329
19 160 (=1) 200 (1) 20,000 (0) 70 (0) 14942 + 1557 1462 + 1449 13549 + 148™ 13779 + 158" 12186+ 141°
20 180 (0) 400 (+1) 16000 (1) 70 (0) 15893 + 1.72°° 15651 + 161°0 14527 + 185" 14725 + 1749 13282+ 168"
21 180 (0) 300 (0) 24,000 (+1) 80 (+1) 13124 £191™ 12669 + 182° 11654 + 164" 1178+ 188" 10363+ 177
22 180 (0) 300 (0) 16,000 (-1) 60 (~1) 16233 + 164° 15861 + 153° 14803 + 1579 15156 + 154° 13589+ 162"™
23 180 (0) 400 (+1) 24000 (+1) 70 (0) 14197 + 146" 13986 + 145" 12853+ 146 13154 + 153™ 11564+ 132
24 160 (~1) 300 (0) 20,000 (0) 60 (1) 16145+ 151%° 15786 + 142° 1477 +1559 15081 + 148%" 13482+ 137"
25(C) 180 (0) 300 (0) 20,000 (0) 70 (0) 14545 + 142" 14167 £181Y 13155+ 172" 13455+ 193" 11895+ 158"
26 200 (+1) 300 (0) 16,000 (=1) 70 (0) 14538 + 145" 14178 + 144" 13032+ 133° 13257 £132" 11834+ 141"
27 180 (0) 200 (-1) 24,000 (+1) 70 (0) 13300 + 132™ 13002+ 1.21° 11869 + 122" 1221 + 134 10671+ 1.28"
28 200 (+1)  200(=1) 20000 (0) 70 (0) 13285+ 125" 12954 + 124% 11774 128" 12101 +122°  106.16+ 131"~
29 200 (+1) 300 (0) 20000 (0) 60 (1) 1447 £ 144" 14144 £1320 130324+ 144° 13358 +128™ 11799+ 133"

C1C2C3C4 5 represent spraying drying process at center points

Experimental model = Box-Behnken design
Total number of spray drying treatments = 29
No of replicates = 03

values with similar letters show homogenous group within row and column (p > 0.05)
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Table 8 Impact of spray drying conditions on peroxide value in designer egg dried powder at different days and storage intervals

Spray Independent variables Peroxide value (meg/kg O,)
S[éiress Inlet air Feed Atomization  Outlet 0 Day Storage at Temperature 4°C  Storage at Temperature 25 °C
run Efgperatwe f';vev speed (rpm) Efgperawre 30 Days 60 Days 30 Days 60 Days
(mL/hr)
1 160 (- 1) 300 (0) 16000 (1) 70 (0) 046 £ 00579 052+001"  059+008% 053+004™ 062+ 007
2 180 (0) 200 (= 1) 20,000 (0) 60 (1) 045+0049 051 +002"™ 058+007° 052+001" 061 + 002"
3 180 (0) 300 (0) 16000 (=1) 80 (+1) 058 £ 007  064+003" 071 +002% 065+002%" 074+ 003°
4 180 (0) 400 (+1) 20,000 (0) 60 (1) 049 £ 008°° 056+004 0624001  058+005 065+ 004"
5 180 (0) 200 (-1) 16000 (~1) 70 (0) 050 +001°  056+005  063+002" 057+006" 067+ 0059
6 160 (1) 300 (0) 24000 (+1) 70 (0) 051 £002™ 055+003™ 0624001 058+007° 068+ 004"
7(Cy) 180 (0) 300 (0) 20,000 (0) 70 (0) 053 £002™ 059+008" 066+ 0057 060 + 005 069 + 0.08°
8(Co) 180 (0) 300 (0) 20,000 (0) 70 (0) 053 +004™ 059+ 005" 066+ 006° 060+ 004 069 + 0.06°
9 180 (0) 300 (0) 24,000 (+1) 60 (~1) 049 £ 008  055+004™ 062+001" 056+ 005 065 + 004"
10 200 (+ 1) 300 (0) 24000 (+1) 70 (0) 060+ 005  066+005 073+002° 067+0069 076+ 005
1M(C) 180 (0) 300 (0) 20,000 (0) 70 (0) 053 +009™ 059+ 007" 066+004% 060 + 003 069 + 007
12C) 180 (0) 300 (0) 20,000 (0) 70 (0) 053 +003™ 059+002" 066+007% 060 + 002 069 = 005
13 180 (0) 200 (1) 20,000 (0) 80 (+ 1) 058 +001%  064+001" 071+002% 065+0045" 075+ 003
14 200 (+ 1) 400 (+1) 20,000 (0) 70 (0) 060 =005  065+004%" 072+001% 067+006° 076+ 005°
15 160 (1) 400 (+1) 20,000 (0) 70 (0) 050 £004°  056+005  063+002" 057+006" 066+ 005°
16 180 (0) 400 (+1) 20,000 (0) 80 (+ 1) 062+001 0684007  075+004> 067 +0069 078+ 007
17 160 (-1) 300 (0) 20,000 (0) 80 (+1) 055+004™ 061 +005" 068+007 062+ 001 071 + 006
18 200 (+ 1) 300 (0) 20,000 (0) 80 (+ 1) 065+ 0049 071 +003% 078+006® 072+0017 081+ 002°
19 160 (1) 200 (- 1) 20,000 (0) 70 (0) 046 £ 005°9 052+004" 0594008 054+008™ 063+ 001"
20 180 (0) 400 (+1) 16000 (1) 70 (0) 053 +002™ 059+ 001"  066+005 060+ 004 069 + 0.08°
21 180 (0) 300 (0) 24000 (+1) 80 (+1) 062+001  068+002"  075+004% 069+ 008" 078+ 007
22 180 (0) 300 (0) 16000 (-1) 60 (1) 045+004° 051 +003"™ 0584007 052+004" 061+ 002
23 180 (0) 400 (+1) 24000 (+1) 70 (0) 057 006"  063+005" 070+006° 054+003™ 063+ 002"
24 160 (1) 300 (0) 20,000 (0) 60 (1) 042+001"  048+002° 055+001™ 050008 059+ 007
25(Cs) 180 (0) 300 (0) 20,000 (0) 70 (0) 053 £002™ 059+ 004" 066+002° 060+ 001 069 + 004
26 200 (+ 1) 300(0) 16000 (-1) 70 (0) 056 +005  062+004  069+003 063+002" 072+001°
27 180 (0) 200 (=1) 24,000 (+1) 70 (0) 053 £002™ 0594001  067+0029 060+ 004 069 = 0.08°
28 200 (+ 1) 200 (1) 20,000 (0) 70 (0) 056+ 005  062+004  069+008 063+002" 072+001°
29 200 (+ 1) 300 (0) 20,000 (0) 60 (1) 052 001" 0584002  065+004%" 069+ 008" 074+ 003°

C€1,€2,C3,C4,C5

Experimental model = Box-Behnken design
Total number of spray drying treatments = 29

No of replicates = 03

represent spraying drying process at center points

*'values with similar letters show homogenous group within row and column (p > 0.05)

samples were higher (0.78+0.06, 0.81 +0.02 meq/kg
O,) when compared to initial readings 0day (0.65 +
0.04 meq/kg O,).

The regression equations regarding the response fac-
tors at different days and storage intervals after spray
drying process have been summarized in the Table 9.
The optimized conditions of inlet air temperature (161—
162°C), feed flow rate (310-320 mL/hr), atomization
speed (16550-16,600 rpm) and outlet air temperature
(61-62°C) were found for maximum retention of fatty

acids at 25°C after 60days as ALA (123-124mg/50¢g
egg), EPA (6.3-6.4mg/50 g egg), DHA (11.6-11.8 mg/50
g egg), total omega-3 fatty acids (141-142 mg/50 g egg)
and PV (0.60-0.61 meq/kg O,) of DEDP samples,
respectively.

Several authors, in accordance with our results, report
the effect of storage temperature on egg powder fatty
acids composition. Deslypere et al. [24] results also con-
clude that storage at lower temperatures for several
months yielded no perceptible changes in n-3 PUFAs of
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Table 9 Regression equations for response factors at different days and storage intervals after spray drying process

Response Storage Regression equation

factor conditions

Powder at O day Y=+ 4610+ 7.96X; + 601X, + 4.04X5 + 6.02X, + 0.0250X;X5—-0.0450%; X5 + 0.0253X X + 0.0256X5X5 + 0.0251X5X4—6.10X3X +

Yield 0.9350X,2 + 2.92X,” - 0.0525X5% - 2.02X,”

ALA at O day Y=+ 11463-657X; + 3.54X,—6.53X5—5.98X,~0.0925X ; Xo-0.21 75X X5 + 0.0975X; X4~0.04X,X5 + 0.2650X X 4~0.0650X5X4,~0.5215%;° +

0.4060X,° + 04410X5° + 1.03X,2
after 30 days at Y=+ 11344-6.52X; + 3.62X>-6.59X5~5.82X,~0.2325X,X5-0.1275X,X5 + 0.1775X; X4 + 0.0925X>X5 + 0.1250X,X4~0.6450X5X4~0.6762X;% +

4°C 0.4050X,” + 0.6250X5” + 1.10X,”
after 60 days at Y=+ 110.35-6.59X; + 3.57X,-6.62X5-588X, + 0.0450X;X,-0.1150X,X5 + 0.1100X; X4 + 0.1250X,X5 - 0.0600X,X4~0.4825X5X,~0.6251%;° +
4°C 0.5299X,7 + 0.6037X5” + 1.33X,”
after 30 days at Y=+ 11042-648X; + 3.61X,-642X5-6.03X,~0.1200X;X,-0.0775X1X5 + 0.0750X; X4~0.0025X,X5_ 0.0425XX4 + 0.0825X5X4~04374%:% +
25°C 0.3963X,” + 04776X5” + 1.06X,”
after 60 days at Y=+ 105.27-646X, + 346X,-648X5-596X,~0.1775X; X5 + 0.0002X,X5 + 0.1550X; X4 + 0.0400X,X5_ 0.0275X,X 4 + 0.1400X5X,~0.2706%;° +
25°C 0.5007X,% + 0.6182X57 + 1.21X,°

EPA at O day Y =+ 13.10-0.7508X; + 0.3867X,-0.7467X3-0.6608X ;~0.0050X; X5-0.0150X; X5 + 0.0025X X,~0.0100X,X5 + 0.0200X,X4 + 0.0150X5X 4~

0.0367X;% + 0.0296X5° - 0.0329X5° + 0.0858X,”
after 30 daysat Y=+ 12.12-0.7725X, + 0.3467X,-0.7908X3-0.7067X4~0.0900X; X5-0.2600X 1 X3-0.2525X; X 4,~0.0800X X5 0.1150X5X4—0.1925X5X 4~

4°C 0.1789X,2-0.1477X5% - 0.1064X5” — 0.0777X4°

after 60 days at Y=+ 8.84-0.8750X; + 0.7558X,-0.4567X5-0.8092X, + 0.2175X;X,—0.0425X X5 + 0.0900X 1 X,~0.4625XX5_ 0.0925X,X4~0.2350X5X 4~
4°C 0.2227X12-0.8714X5% - 04777X5 — 0.0289X,”

after 30 days at Y=+ 9.80-0.8792X; + 0.4425X,-0.8600X5-0.8983X + 0.1375X; X5 + 0.2050X; X3-0.4250X X4 + 0.3325X5X5_ 0.0375X2X4-0.5825X5X 4~
25°C 0.2229%,2-0.3329X,% - 04017X5” — 0.1342X,°

after 60 days at Y=+ 4.60-0.8958X, + 0.4550X,-0.8292X5—0.8583X,—0.1425X; X, + 0.2800X;X5-0.2650X ;X4 + 0.1775X>X5_ 0.3650XX4~0.3250X5X 4~
25°C 0.2782X12-0.2845X5% - 0.1232X5” + 0.0030X 4

DHA at O day Y =+ 17.43-09983X; + 0.4808X,-1.03X5-0.9300X,~0.0050X; X5 + 0.0200X; X3-0.0150X, X + 0.1000XX5_ 0.0725X,X4~0.0175X5X, +

0.0010X;2 + 0.1823X5” + 0.0172X57 + 0.1035X,,
after 30 days at Y=+ 16.16-1.07X; + 0.4675X,—1.03X3-0.1.04X, + 0.1175X,X; + 0.0125X; X5 + 0.0450X, X

4°C - 0.0700X5X3 + 0.1650X,X4~0.0150X5X4 + 0.0808X;2 + 0.6771X5% + 0.0596X5> + 0.0308X .
after 60 days at Y=+ 12.06-1.02X; + 0.4983X,-0.9958X3-0.8708X 4 + 0.0275X; X5 + 0.0350X1 X5 + 0.0625X;X - 0.1425X,Xs5 + 0.1450X5X4~0.0800X5X4 +
4°C 0.0516X;2 + 0.9716X,” - 0.0222X5% + 0.0878X,>
after 30 days at Y=+ 13.48-1.07X; + 0.5142X,~0.8950X3-0.9258X 4~0.0025%; X5-0.0600X1X5 + 0.2975X; X - 0.2275X-X5 + 0.1125X,X4~0.1375X5X4 +
25°C 0.0131X;% +0.7218X,” - 0.1794X5” + 0.0593X,”
after 60 days at Y=+ 854-1.00X; +0.3583X,-0.9850X3-0.9058X 4~0.0750X 1 X5-0.1450X;X5-0.0025X, X - 0.1750X5X5_ 0.0300X5X4~0.0950X5X ; +
25°C 0.1923X;2 + 0.5889X,” + 0.0389X5” + 0.0027X,,”

TOFA at O day Y =+ 14532-832X; + 5.24X,-8.30X3-6.77X4~0.0950X X5 + 0.2125X, X5 + 0.0825X; X + 0.0600X>X5 + 2.70X,X4~0.0825X3X,~1.06X;2 +

1.36X,” - 0.0837X5° + 1.96X4”
after 30 days at Y=+ 141.69-836X, + 443X,-842X5-7.56X,~0.2050X, X, + 0.3750X;X5-0.0300X; X - 0.0575X,X; + 0.1750X,X,~0.8275X5X,~0.7562%,> +

4°C 0.9526X,” + 0.5838X5” + 1.06X,”
after 60 days at Y=+ 131.50-848X + 4.82X,-8.08X5~7.57X, + 0.3000X;X,-0.1225X,X5 + 0.2675X; X - 0.4800X,X5_ 0.0075X,X4~0.7975X5X4~0.9235%% +
4°C 0.5053X,” - 0.0260X5> + 1.26X,”
after 30 days at Y=+ 134.70-843X, + 4.53X,-825X5-7.96X,~0.0450X; X, + 0.0675X,X5 + 0.0001X; X + 0.0650X,X5 + 0.0325X,X4-0.1400X3X4~1.19%,% +
25°C 0.3461%,7 - 0.4489%5% + 0.5311X,2
after 60 days at Y=+ 11880-8.37X; + 4.27X,—8.23X3-7.79X4-0.3950X 1 X,-04250%; X5-0.1125XX + 0.0425X,X5 - 4225X5X4~0.1000X5X4~0.9022X 1% +
25°C 0.6441X,% + 0.2828X5” + 0.9691X,4

PV at O day Y =+ 05300 + 00492, +0.0192X; + 0.0200X5 + 0.0650X4 + 0.0001X;X5-0.0025X X5 + 0.0001X;X + 0.0025XX5 + 0.0001X,X, +

0.0001X3X4 + 0.0004X,2 + 0.0003X5” + 0.0017X5% + 0.0042X,>
after 30 days at Y=+ 0.5900 + 0.0500X; + 0.0192X, + 0.0183X5 + 0.0642X4~0.0025X X, + 0.0026X1X5 + 0.0002X; X + 0.0027X,X5_ 0.0028X,X; +

4°C 0.0003X3X4—0.0025X % + 0.0013X,2 + 0.0001X5” + 0.0062X,

after 60 days at Y=+ 06600+ 0.0501X; + 0.0175X, + 0.0192X; + 0.0650X4~0.0023X, X5 + 0.0025X, X5 + 0.0001X;X + 0.0002XX5 + 0.0003X,X +
4°C 0.0001X3X4—0.0022X,% + 0.0012X52 + 0.0012X5” + 0.0050X,”

after 30 days at Y=+ 0.6000+ 0.0558X; + 0.0100X, + 0.0117X5 + 0.0525X 4 + 0.0025X; X5-0.0024X 1 X3-0.0225X; X - 0.0226X,X5_ 0.0100X>X, +
25°C 0.0001X3X4 + 0.0146X,°-0.0117X52 - 0.0116X5° + 0.0171X,”

after 60 days at Y=+ 06900+ 0.0517X; + 0.0083X, + 0.0116X; + 0.0600X, + 0.0024X;X5-0.0050X;X5-0.0125X; X - 0.0200X,X5_ 0.0025X X +
25°C 0.0002X3X4 + 0.0113X;2-0.0087X,2 - 0.0088X5° + 0.0137X,”

X; =Inlet air temperature; X, = Feed flow rate; X3 = Atomization speed; X, = Outlet air temperature
ALA Alpha-linolenic fatty acids, EPA Eicosapentaenoic fatty acids, DHA Docosahexaenoic fatty acids, TOFA Total omega-3 fatty acids, PV Peroxide value

fat tissue aspirates which is compatible with our results.  al. [25] that egg lipids underwent high oxidation during
This study showed that PUFAs loses increases with stor-  spray-drying; moreover, they observed that this oxida-
age which is in accordance with observation of Terao et tion significantly increases during storage (1 and 3
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months). Furthermore, several previous research studies
described monounsaturated fatty acid and PUFAs losses
during extensive heat processing [26-28]. In addition,
some studies have been focused only on n-3 PUFAs losses
because of their high nutritional relevance [29].

In the case of DEDDP, the loss of essential fatty acids
was already predicted because the PUFAg content were
high in DEDP samples and the heat treatment applied was
severe. The thermal effects could be clearly observed at
high outlet air temperatures, in accordance with other
published reports. With increase of temperature, retention
of PUFAs decreases and browning of powder increased,
but lower temperature cause retention of moisture and
low-quality powder with increased drying time [30, 31].
High temperature treatment causes protein denaturation
and modifies lipoprotein structure. This change leads
to decreased oxidative stability of egg lipids [32].
Higher temperature conditions in spray dryer causes
higher losses of omega-6 and omega-3 PUFAs and also
less favorable to omega-6/omega-3 and PUFA/SFA ratios.
Mostly Cyp.an.6 and Cypg,3 PUFAs are destroyed at high
temperature [33].

The safety and quality of powdered eggs depend on at
least two critical steps as the drying process itself and
the storage conditions such as length and temperature.
The drying process uses high temperatures that can ac-
celerate reactions between lipids and molecular oxygen,
resulting in losses of nutritional and sensory properties
of egg products. At the same time, there is an increasing
interest on the consumption of food that have a higher
content of omega-3 PUFAs than conventional foods.
However, this increase in the unsaturation of fatty acid
can lead to an increase of lipid oxidation, especially dur-
ing the drying process or the storage.

Unsaturated fatty acid losses have been widely re-
ported as an indicator of lipid oxidation. As a rule, in
foods, susceptibility to oxidation of phospholipids in-
creases with the unsaturation [34]. The spray-dried eggs
are highly oxidized and very susceptible to oxidation in
comparison with raw eggs [35]. This fact is related to
the structure of phospholipids in the raw yolk that pro-
tect against oxidation. Phospholipids are interwoven in
the exterior structure of low-density lipoprotein and this
compact surface prevents the contact of oxygen with the
lipid core of the particle [36].

Egg powder was produced under high temperature
scales, which led to many changes in egg components,
resulting in lower retention of PUFAs in DEDP samples
during storage. Food industries of using spray dried
omega food materials are facing the problem of oxida-
tion as these possessed unstable PUFAs during process-
ing and storage. Several appropriate methods have been
applied to reduce or prevent lipid oxidation of spray
dried powders in order to improve final functional food
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quality. The most commonly used method is the
addition of antioxidants. A combination of antioxidants
with inert gas packaging can strongly stabilize the spray
dried omega food products. Major finding supports that
spray drying of whole egg at moderate conditions of air
inlet temperature, feed flow rate, atomization speed and
outlet air temperature resulted in a product that en-
hanced considerably the retention of PUFAs and good
quality powder that could further be used for develop-
ment of functional food products. Thereby, it could be
concluded that slight lipid oxidation mostly occurs dur-
ing spray-drying but this oxidation rate may be en-
hanced during storage. So, care should be taken during
storage of DEDP samples.

Conclusion

The results of present study demonstrated the optimized
conditions of inlet air temperature (198—199 °C), feed
flow rate (398—399 mL/hr), atomization speed (16000—
16,010 rpm) and outlet air temperature (76-77°C) for
maximum yield of designer egg dried powder samples
(66.20 £ 0.20 g/500 mL). The inlet and outlet air
temperature were seen to be as major factors affecting
the essential fatty acids content in spray dried samples.
Furthermore, the results from this work will aid in the
formulation of healthy food products supplemented with
designer egg dried powder and may address a critical in-
dustrial demand in terms of formulation options. Add-
itional studies should be undertaken to enhance the
shelf life of omega food products by supplementation of
antioxidants and gradual reduction of oxidation process.
Furthermore, future studies should focus on treatment
of nutritional disorders through the functional foods and
their absorption, metabolism and distribution pattern
into biological tissues.
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